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Equipment for multifunctional use in high-performance capillary electrophoresis 
INTRODUCI'ION
Because of its high efficiency, high-performance capillary electrophoresis (HPCE), which includes various modes of capillary electrophoresis, is widely used in various fields. Sometimes electroosmotic plug flow (EOF) is suppressed [1, 2] and in some experiments EOF is used as a pumping mechanism [3] . A reduction of EOF can lead to an improvement in the resolution of the sample components.
For analytical separation techniques, the results obtained must be reproducible and repeatable. The influence of operating parameters on the reproducibility in capillary electrophoresis has been discussed by Foret and Bo&k [4] .
When liquid levels in the buffer reservoirs at the capillary ends are unequal, hydrostatic flow (HF) results. The HF is parabolic in nature and therefore I-IF can contribute to zone broadening, making the experimental efficiency less than the * Corresponding author. theoretical value. This was extensively described by Grushka [5] . In isotachophoretic (KIT') analyses, the EOF is not constant in all zones, but commonly increases in the direction of the terminating zone [2] . This effect increases the turbulence of the liquid in each zone, while still an overall EOF is obtained.
In a study by Ackermans et al. [6] , problems in quantitative analysis in open systems using ITP were discussed. In 1990, Verheggen et al. [7] investigated the reproducibility of migration times of serum components in a completely closed instrument by HPCE. A relative standard deviation of 0.7% was obtained. The instrument was limited to 0.2 mm PTFE capillaries and operated in the "closed" mode.
In this paper, it is shown that the HF can be blocked by membrane and simultaneously the EOF can be suppressed by additives. It is also possible to bypass the membrane, so that the EOF plays a role in the separation. Also, all kinds of capillaries and capillary diameters can easily be inserted. The construction of the electrode block [8] , especially constructed for these analyses, and the first test results are given. A Spectra 100 variablewavelength UV absorbance detector was used (Spectra-Physics, San Jose, CA, USA). The power supply (type HCN 35-500) was obtained from FUG Electronik (Rosenheim, Germany).
Data acquisition
The software used was the Caesar program (B *Wise, Geleen, Netherlands) running on an Olivetti M250 computer. As the interface a multilab (TUE-TS, Eindhoven Technical University) was applied.
Chemicals
The components of the test mixture, the buffer constituents and cetyltrimethylammonium bromide (CTAB), all of analytical-reagent grade, were purchased from Merck (Darmstadt, Germany). Mowiol poly(viny1 alcohol) (PVA) was supplied by Hoechst (Frankfurt, Germany). Ultra-pure water was used to prepare the buffers and all buffer and sample solutions were filtered through a 0.45-pm filter.
RESULTS AND DISCUSSION
The basic unit is shown schematically in Fig. 1 . The separation capillary C is mounted between the electrode compartment A and the vessel B. The capillary is surrounded by PTFE tubing used for cooling by forced air. The electrode compartment A is composed of two blocks: the electrode vessel (1) with the earth electrode (2) and block (3), which has a channel through which the system can be rinsed and filled with electrolyte, using valves 4a and 4b. The capillary is introduced at one end through a septum (5) in the channel of block 3. A steel needle is mounted in the septum holder (7). By manual pressure on knob 8, the needle will penetrate the channel through the septum. In this way it is easy to insert all kinds of capillaries and capillary diameters. After the introduction of the capillary into the channel, the needle is retracted and remains on top of the septum (5) .
The channel in block 3 connects the electrode vessel (1) with the capillary C. Between the electrode vessel (1) and the block (3), a flat semi-permeable membrane (6) is clamped with two screws and an O-ring [2] . This means that the capillary is closed at one end by this membrane. Any gas produced at the electrode (2) will not affect the analysis. Liquid applied through valves 4a and 4b will pass and rinse the membrane. The volume of the channel in block 3 is large compared with that of the separation compartment. The potential drop in this channel, over and near the membrane, is small for the same reason. Therefore, it takes a long time before pH jumps, entering the capillary through the membrane, will reach the detector and thus influence the analyses [9] .
Tiny movements of the membrane will affect the reproducibility of the injection and migration times, hence the membrane surface area is limited by three narrow channels of 0.5 mm diameter connecting the electrode vessel (1) with the capillary C. The electrode vessel is filled with ultra-pure water, to prevent the formation of any compounds by electrode reactions. On the other side of the capillary, vessel B and a high-voltage electrode (9) are situated. The vessel can easily be replaced in a vertical direction at any position along the support X, which is used for variable gravity injection [lo] . Via valve 4a the channel in the block and the capillary C can be filled with buffer. For the introduction of the sample, the entrance of the capillary is dipped into the sample vessel(s). By opening valve 4a for a fixed time, the sample is introduced by gravity flow, where Ah is the driving force. After changing the sample vessel with either buffer (b) or terminating vessel (t), the system can be operated in any HPCE mode. When both valves 4a and 4b are closed, a closed system is obtained. By opening valve 4b, an open system utilizing the electroosmotic flow is created. In the latter instance, it is of great importance, of course, that the liquid level in the buffer vessel is at the same height as the outlet of valve 4b.
To test the equipment, non-coated fused-silica and PTFE capillaries were used. The reproducibility of migration times was tested in a system of P-alanine (0.05 M)-acetate (pH 3.8) using an anionic test mixture. The sample consisted of potassium dichromate, pyrazine-2,3-dicarboxylate, pyrazole3,9dicarboxylate, orotate, sulphanilate, dihydroxy-2,4_benzoate, 4-nitrobenzoate, hippurate, 2,4,6_trimethoxybenzoate and benzoate. The separation compartment was a lOO+m fused-silica capillary with an effective length of 44 cm.
Injection was made by gravity flow, with Ah = 5 cm and an injection time of 15 s. The voltage used was 20 kV. The analysis was carried out in the closed mode. Fig. 2 shows the separation of the anion test mixture. Note that no additives are used in the electrolyte. At low pH the EOF is small and does not influence the separation. In Table I the test mixture composition, the migration times, R.S.D. (n = 6) of the migration times and plate numbers are given. High plate numbers are obtained, which means that the EOF is small. In the closed system the hydrodynamic flow is blocked by the membrane, but the EOF still takes place at the capillary wall surface and is compensated for by the EOF counterflow along the capillary axis. This leads to disturbances of the zones [2, 4, 11] .
The c-potential of the untreated capillary wall increases with increase in pH. An experiment at higher pH will illustrate this. The system used was Tris (0.02 M)-phosphoric acid (pH 7). The same capillary diameter, length and voltage were Fig. 3a the separation is shown of the seven components in the closed mode. The separation is unsatisfactory owing to EOF disturbance.
Cetyltrimethylammonium bromide (CTAB) is known to decrease and even change the sign of the c-potential of the capillary wall [12] . By adding a small concentration (1. 10e4 M) of CTAB, the l-potential of the capillary wall was decreased, but the results did not improve (see Fig. 3b ).
For the next separation, the capillary was extensively rinsed with water. PVA (0.05%) was added to the standard electrolyte. This will also decrease the t-potential of the capillary wall and, in addition, it may increase the liquid viscosity at the capillary wall. There was also no improvement (see Fig. 3~ ). The combination of both 0.5 -10m4 M CTAB and 0.025% PVA gives excellent results in the closed mode, as shown in Fig. 3d . In the open mode (Fig. 3e ) excellent results were also obtained. This effect of the combination of these two constituents is not clear, and is still under investigation. The migration times between the two analyses are different. In this instance the migration times of the components in the open system are faster, because the EOF is in the same direction as the electrophoretic velocity of the separands. This means that C-potential of the capillary wall has changed polarity and is now slightly positive owing to the addition of CTAB. The EOF direction follows from the comparison between the two analyses in the open and closed modes. In Table II the test mixture composition and the average plate numbers in the open and closed modes are given for the analyses in Fig. 3d and e.
By observing the outlet of valve 4b (see Fig. 1 ) in the electrode block during analyses in the open mode, it can be seen directly if the EOF is near zero or the direction in which the liquid flows. For a closed system, slightly suppressing EOF gives a sufficient separation. In Fig. 4 an analysis is shown of the same standard mixture (Table II) , where the EOF was higher but not in the "reversed" mode. The system used was Tris (0.02 M)-phosphoric acid (pH 7). In Fig. 4a , the separation of the anions is shown in the closed mode. The full analysis of the seven components is completed in 10 min. The peaks are not so sharp owing to the EOF disturbance. In Fig. 4b , the results of the analysis in the open mode are given. In the same analysis time (10 min) only three components are detected owing to the EOF counterflow. The migration order in both analyses remains similar.
In the next experiment, the separation was effected in an open system, where the EOF is not suppressed, but optimized. A similar length and diameter of the capillary were used. Again the test mixture of anions mentioned above was separated at pH 7. The high positive voltage was at the injection side.
In Fig. 5a , after the EOF marker (mesityl oxide) slowly migrating anions are detected first. Ions that are too fast, with respect to the EOF, will not reach the detector. In the analysis in Fig.  5b , the migration order is reversed by changing the polarity at the electrodes. The analysis was made in the closed mode. The buffer contained CTAB and PVA as additives. All seven components are detected. From these analyses ( Fig.  5a and b) we can conclude that in the closed mode, suppressing the EOF and hydrodynamic flow, the analysis is faster, the resolution is better and the plate numbers are higher.
In the next experiment a PTFE capillary was used (200 pm I.D. and 350 pm O.D.). The electrolyte system was p-alanine (0.01 M)-acetate (pH 3.8). The separands were potassium dichromate, pyrazole-3,5-dicarboxylate, orotate, sulphanilate, dihydroxy-2,4-benzoate, 4-nitrobenzoate and hippurate. The buffer contained no additive. The separation, performed in the closed mode, is shown in Fig. 6 . Even in PTFE capillaries wavelengths down to 200 mn can be used successfully [ 131. Here variable-wavelength detection shows in addition the sensitivity-selectivity trade-off.
One of the HPCE modes, ITP, is not discussed in this paper. It will be evident from the preceding description that ITP can also be performed with the instrument used. ITP in the closed mode using capillaries down to 50 pm I.D. is now within reach, with the restriction that as yet there is no universal conductivity detector available for the present prototype. This would decrease the minimum zone volume that can be determined by a considerable factor.
Application
A gel-filled column was mounted in the same modular equipment. DNA restriction fragments [14] were analysed in the open and closed modes. A fused-silica capillary of 108 pm with an effective length of 30 cm and total length of 40 cm was used. The buffer contained 0.1 M Tris-acetate and 2 mM EDTA (pH 8.3). Electromigration was used for sample introduction (10 s, 2 kV). The separation voltage used was 5 kV. A sample of +X-174 RF DNA Hae III was analysed.
Comparison of the open and closed modes shows that there is a difference in the efficiency (see Fig. 7a and b) . This subject is under investigation.
A Danish study [15] revealed that 60% of asthma cases are due to excretion of allergenic compounds by house dust mites in homes. The guanine (2-amino-6-hydroxypurine) content proved to be a reliable indicator [16] . The HPCE method introduced is superior to the HPLC method [17] (time, variable costs) and more accurate than the commercial Acarex test. The HPLC sample pretreatment procedure [17] was slightly modified and used for HPCE. In the HPCE determination, guanine was measured as a cation in the system glycine (0.01 M)-tartrate (pH 3). Determination as an anion at higher pH was unsatisfactory owing to the lower selectivity. The separation compartment was a 50-pm fusedsilica capillary with an effective length of 26.5 cm. The voltage used was 30 kV. Analysis for 2 min gave a more than sufficient resolution of guanine, so that a shorter capillary would have been sufficient (see Fig. 8 ).
CONCLUSIONS
The equipment presented facilitates the evaluation of experimental conditions in any HPCE mode in a flexible manner. By comparing analyses in the open and closed modes, the effect of EOF on migration can be determined more readily, also in systems where EOF is suppressed by additives, coating the capillary or in gel columns. A number of phenomena observed can thus be investigated further. In addition, when sample matrix effects on migration are suspected, dual analyses in both modes will yield decisive information.
The equipment is in principle suitable for automation and can be extended with a commercial autoinjector.
As in almost all analytical separation techniques, especially in HPCE, a wide choice of capillary diameters and lengths makes it easy to optimize applications in terms of efficiency and detection selectivity. For all basic HFCE techniques, configurations can easily be selected to achieve such an optimum without changing the equipment used.
